
M 4  S.TEE. 

UNITED STATES 
DEPARTMENT OF THE INTERIOR BbXEAU C? R3CL;;!.:;,1yi ON 
BUREAU OF RECLAMATION IiiiJI{;dJL,Ic 1,:=3:33,4*~;~,-{ 

Mo'i' TO BE I',L/iO\IZD i;xOid E'im 

H Y D R A U L I C  M O D E L  S T U D I E S  O F  B O U L D E R  

C R E E K  S U P P L Y  C A N A L  D R A I N A G E  I N L E T S  

A N D  O V E R F L O W  W E I R  S E C T I O N S  

COMMISSIONER'S OFFICE 
DENVER, COLlORADO 

May 16, 1956 



Summary , . . . . .. . . . . . . . . . . . . . . . . . . . . . .. .. 1 
* .  . Introduction . . . . . . . . . . . . . . . .. .. . . . .. . . . . . . -3 .. _ .. The &&l . . . . . . . . . . . . . . .+ . . . . :. .. . '. t. ,. . .. 

. . ' ,. * .  . ~. 3 
The Investigation . . .... . .. .. -. . . . . . . . .+ . . . . .' . .. - .  4 

.. . 
-. - .  The Inlet ;Structures . . . . . .* . . . . . .. .' . -;- .. . . ' . .. , . . ,4  

* .  
Breliminary inlet . .. . . . . . . . . . . . . . .. . . . . . 4 
Second sinlet design '.; ..' . .' . . . . . . . . . . . . $  . :. :. 

. . 
5 

Recammended i n l e t  desXgn. . -. . . . . . .- . . ..- . . . . . ' - 5  ' 

The Overflow Weirs . . . . . . . . . . . . . . . . . . . . . 5 

Efficiency of a s ingle  weir . . . . . . . . . . . . . . . 5 
I n l e t  location a f f ec t s  weir efficiency . . . . . . . . . 7 
Efficiency of two weirs . . . . . . . . . . . . . . . . . 8 
Efficiency of weir modifications . . . . . . . . . . . . 9 
Efficiency of the  preliminary prototype system of 

weirs and inlets . . . . . . . . . . . . . . . . . . . 10 
Efficiency of recommended prototype system of weirs 

a n d i n l e t s  . . . . . . . . . . . . . . . . . . . . . . . 13 

Figure 

Boulder Creek Supply Canal--Station SV518tO5.8 t o  Stat ion 
664+38.5 location map . . . . . . . . . . . . . . . . . . . . 1 

Boulder Creek Supply Canal--Station 446+00 t o  Stat ion 509+00 
Plan, prof i le ,  and sect,ions . . . . . . . . . . . . . . . . . 2 

Boulder Creek Supply Cana3--Drainage i n l e t s  . . . . . ... . . 3 
Boulder Creek Supply Canal--Overflow sections 

Location and d e t a i l s  . . . . . . . . . . . . . . . . . . . . 4 
General view o f t h e  model . . . . . . . . . . . . . . . . . . . 5 
Automatic ta i lga te  control, . . . . . . . . . . . . . . . . . 6 
Model layout . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Preliminary--Boulder Creek Supply Canal--Station SV51Ck05.8 

t o  Stat ion 664+38.5 locat ion map . . . . . . . . . . . . . . 8 
Canal discharge curve--Station 300+00 t o  Stat ion 470+00 . . . . 9 
Preliminary--Boulder Creek;Supply Canal--Drainage i n l e t s  . . . 10 
Drainage i n l e t  a t  S ta t ion  455+25 discharging the  design flow 

of 115 second-feet . . . . . . . . . . . . . . . . . . . . . 11 
Drainage i n l e t  a t  S ta t ion  458& discharging the  design flow 

of 210 second-feet . . . . . . . . . . . . . . . . . . . . . 1 2  
*st data .. . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
W s t  d a t a .  . . . . . . . . . . . . . . . . . . . . . . . . . . 1 4  



Test data . . . . . . . . . . . . . . . . . . . . . . . . . .  4 1 

Weir discharge curves . . . . . . . . , . . . . . . . . . . . . 16 
Coefficient of discharge curves . .- . . . . . . . . . . . . . . 17 
Capacity of  weir when located upstream, downetream, or v i - '- between drainage inlets . . . . . .& . . . . . . . . . . . . . 18 
Weir diecharge and depth of flow at Station 360900 for  maximum 

flood condition - . . . . . . . . . . . . . . . . . . . . . . 19 
Test data . . . . . .. . . . . . . . . . . . . . . . . . . . . . 20 
Percent of drainage flow discharged by the weirs . . . . . . . 21 
Overflow weir capacities for various weir lengths . . . . . . . 22 

t 

D 

r 

b 

i i 





DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

Commissioner's Office--Denver Laboratory Report No. ~yd-407 
I .  Division of Engineering Laboratories Compiledby: G. L. Beichley 

Hydraulic Laboratory Branch Reviewed by: A. J. Peterka 
Denver, Colorado Submitted by: H. M. Martin 
May 16, 1956 

Subject: Hydraulic model studies of Boulder Creek Supply Canal drainage 
i n l e t s  and overflow weir sections 

SUMMARY 

Hydraulic model studies of the  Boulder Creek Supply Canal, 
Figures 1 through 4, were made on a 1 :12 scale  model, Figures 5, 6, and 

1 7, of the portion of canal between Stat ions  454+18 and 462+34, Figure 8. 
This portion of the canal included two drainage i n l e t s  and two overflow 
sections.  The drainage i n l e t s  a re  used t o  introduce drainage water from 
the  adjacent watersheds in to  the canal. The overflow ue i r s  are used t o  
discharge the drainage flow i n t o  natural  ravines on the opposite side of 
the  canal from which the flow entered. I n  no case i s  the weir d i rec t ly  
opposite the i n l e t .  The purpose of the model study was t o  invest igate  
the hydraulic performance of t h i s  system and t o  apply the r e su l t s  t o  the 
e n t i r e  Boulder Creek Supply Canal system t o  predict  i t s  performance and 
adequacy . 

The horizontal bends of the prototype canal were not repro- 
duced. Instead, the model canal was constructed i n  a s t r a igh t  l i n e  t o  
simplify the model construction and t o  supply general data t h a t  would 
be applicable t o  other reaches of canal containing similar st ructures .  

The performance of the inlets was investigated and found t o  
be acceptable as or ig ina l ly  designed, Figures 10, 11, and 12; however, 

b s t i l l i n g  action was improved i n  the model by shortening the basins and 
using baff le  p i e r s  i n  place of chute blocks, Figures 3, 11, and 12. 

9 The overflow weir sections,  Figures 4 and 5, performzd, i n  
general, as expected but the t e s t s  showed t h a t  t h e i r  capacity and 
locat ion w e r e  not en t i r e ly  sat isfactory.  Several factors  were found 
t o  influence the quantity of flow discharged by each weir. 

The eff ic iency of a single weir was determi~ed  by computing 
the coeff ic ient  of discharge, Figures 16 and 17, based on water surface 
elevations e a s u r e d  i n  t he  canal upstream and downstream of the  weir. 
The coefficiefit wried coosiderably *pending on the r e l a t i ve  locations 



the canal. I n  general, a weir was more e f f i c i en t ,  i.e., had a l a rge r  
discharge coef f ic ien t ,  f o r  l a rge r  discharges, Figure 16. A shor t  weir 
was more e f f i c i e n t  than a long one, Figure 16, and a s$ngle weir was 
more e f f i c i e n t  when located upstream ra ther  than downstream from an l 

i n l e t ,  Figures 16, 17, 18, and 19. Also, the  depth of flow i n  the canal 
upstream from an i n l e t  was reduced by locat ing the  weir upstream from 
the i n l e t ,  Figure 19. I n  e i t h e r  location,  however, the  canal flow depth p 

immediately upstream of the weir w a s  always l e s s  than immediately down- 
s t r e m .  

The eff ic iency of two weirs discharging was determined by 
masuri-ng the  percent of t o t a l  drainage inflow i n  excess of 20 second- 
feet  being discharged by the  two model weirs when the  canal was carrying , 
its normal capacity of 200 second-feet i n  addit ion t o  the  drainage in -  
flow. The f i r s t  20 second-feet of drainage inflow w a s  not considered i n  
f igur ing the percent of drainage inflow discharged by the  weirs because 
it is needed t o  increase the depth of flow i n  the canal t o  the  c r e s t  of 
the overflow weirs. The two model overflow weirs together were found t o  
be capable of discharging a t  l e a s t  88 percent of the  t o t a l  drainage 
inflow i n  excess of 20 second-feet, depending on the t o t a l  quanti ty of 
drainage flow i n t o  the canal, Figure 21. !be percentage is  higher with 
l e s s  drainage inflow. 

It was found t h a t  shortening o r  el iminating a weir w i l l  
increase considerably the  discharge of the other weirs e i t h e r  upstream 
or  down, but the  t o t a l  discharge i s  reduced. 1.t. w a s  a l so  found t h a t  
two weirs spaced some distance apar t  with an i n l e t  between is  b e t t e r  
than one weir equal t o  the  total.  length of the  two. 

Using the  data from the  modeled portion of the canal, the  
eff ic iency of t h e  e n t i r e  system of prototype weirs i n  discharging the  
drainage inflow was analyzed and checked t o  a reasonable degree using 
two d i f fe ren t  methods. The capacity of the  four preliminary weirs, as 
determined by these analyses, d id  not appear t o  be su f f i c i en t  t o  prevent 
the  flow i n  the  canal from overtopping the  canal banks. However, the 
quanti ty of drainage flow remaining i n  the canal downstream from the 
l a s t  weir wes acceptable because it was l e s s  than the  capacity of the  I 
siphon provided downstream at S ta t ion  585+00 fo r  discharging excess 
drainage flow from the canal. 

I 

To prevent overtopping of the canal banks, two keirs were added 
t o  the  preliminary design making a t o t a l  of s i x  overflow weirs. In  
addit ion,  the  weir a t  Sta t ion 3 6 0 ~ 0  was relocated from downstream of the  
i n l e t  t o  upstream of the i n l e t  a t  Stat ion 356+92 t o  reduce the  flow depth 
upstream of the  i n l e t  at Stat ion 358+95 and t o  increase i t s  capacity. 
The arrangement of weirs and i n l e t s  recommended f o r  prototype construction 
i s  shown i n  Figure 1, and the  estimated performance of the  recoinmended 
system i s  shown i n  Figure 26. 



Boulder Creek Supply Canal i s  a part of the  Colorado-Big 
I Thompson Project .  It is s i tua ted  south of Lyons, Colorado, ir, Boulder 

County as shown on the  locat ion map, Figure 1. The canal is approxi- 
mately 15.5 miles long. It is p a r t i a l l y  ear th  l ined  and p z r t i a l l y  

b .  unlined in  ear th .  The canal bottom is  12  f e e t  wide and slopes down- 
stream a t  the r a t e  of 0.0003 foot  per foot ,  as shown in  Figure 2.  The 
canal section is 6.8 f e e t  deep with the  embankment being compacted t o  
a height of 5.5 f e e t  above the  canal bottom. The canal i s  designed t o  
discharge a normal flow of 200 second-feet a t  a velocity of 2.37 f e e t  
per second and a depth of 4.59 f e e t .  

I n i t i a l l y ,  the  canal was t o  contain 7 concrete drainage i n l e t  
s t ruc tures  and 4 concrete overflow weir sections,  Figure 8, but was 
revised a s  a r e s u l t  of t h i s  investigation t o  contain 6 overflow weir 
sections s i tua ted  a s  shown i n  Figure 1. The i n l e t s  and overflow weirs 
recommended f o r  prototype construction a r e  shown in  Figures 3 and 4. 

The la rges t  i n l e t  was designed f o r  273 second-feet; the  
smallest  f o r  52 second-feet. Crest lengths f o r  t he  overf lo~? sections 
varied from 102 t o  163 f e e t .  The weir c r e s t  height above the  canal 
bottom in  a l l  cases was 4 f e e t  9-5/8 inches, which allows a discharge 
of approximately 220 second-feet t o  occur i n  t he  canal before flow is  
discharged through t h e  overflow weir sect ions .  

About 2-1/2 miles downstream from the  last overflow sect ion 
a siphon wasteway is provided in  the  canal, as shown in Figure 1, a t  
Stat ion 585+00. Excess drainage flow that is not discharged by the  
overflow sections can be discharged here.  Since t he  siphon is designed 
t o  discharge not more than 100 second-feet, the  overflow weirs must 
discharge a o s t  of the  drainage water t h a t  enters  the  canal. 

THE HODEL 

t The model, Figures 5, 6, and 7, was constructed and t e s t ed  i n  
the  Bureau of Reclamation's Hydraulic Laboratory a t  the  Denver Federal 
Center. It was a 1:12 scale  model of t he  canal, including drainage . * i n l e t s  and overflow weirs between Stat ions  454+18 and 462+34, Figure 7. 

I The prototype canal, Figure 8, contained numerous curves but 
t h e  model was constructed i n  a s t r a i g h t  l i n e  a s  shown i n  Figures 5 and 
7 .  Curves were eliminated t o  simplify model construction and t o  supply 
more general answers concerning the  eff ic iency of t h e  i n l e t  and overflow 
system i n  other  reaches of the  canal containing s imilar  i n l e t s  and over- 
flow weirs. Data of a general nature might a l s o  be useful  i n  t h e  design 
of future  canal s t ruc tures  of t h i s  type. 



because it included more i n l e t s  and overflow sect ions  than any o the r  
reach of c m a l  of t h e  same length .  Too, it was f e l t  t h a t  t h e  model 
should include t h e  i n l e t  and overflow weir f a r t h e s t  downstream t o  de te r -  
mine more accurately how much flow might be expected t o  remain i n  t h e  @ ) 

canal  downstream from t h e  last overflow weir. 

The model canal including i n l e t s  and overflow weirs was . b 

constructed e n t i r e l y  of plywood with cemented j o i n t s  t o  provide water- 
t igh tness .  Wire hardware c l o t h  was tacked t o  t h e  canal  s i d e  slopes and 
bottom, a t  loca t ions  determined by trial, t o  produce uniform depths of 
flow from one end of the  canal t o  the  o ther  when t h e  i n l e t s  and overflow 
weirs were not operat ing.  

Water f o r  the  normal flow i n  t h e  canal  was s ~ p p l i e d  by an 
8-inch v e r t i c a l  p ~ m p  through an 8-inch supply l i n e  at the  upstream end 
of t h e  model. This flow entered t h e  canal  from a 3-foot-square head 
box cofitaining a 3-inch-thick rock type baf f l e .  Water f o r  t h e  two 
drainage i n l e t s  was supplied by separate v e r t i c a l  pumps through 8-inch 
supply l i n e s  t o  head boxes a t  t h e  entrance t o  each i n l e t .  

Eight-inch o r i f i c e  ven tu r i  meters were used i n  each of t h e  
three  supply l i n e s  t o  measure t h e  discharges. V-notch weir boxes were 
used t o  masure  t h e  discharge from each overflow weir, as shown i n  
Figure 5. Point gages were used t o  measure t h e  depth of f low at f i v e  
locat ions ,  Figure 7, along the  canal .  

An automatic t a i l  water con t ro l  ga te  was developed f o r  t h e  
model, Figure 6, i n  order t o  ass imi la te  an t i c ipa ted  prototype flow 
conditions. The con t ro l  gate w a s  shaped by t r ia l  and e r r o r  t o  automat- 
i c d l y  produce t h e  ca lcula ted  depth of flow, Figure 9 ,  f o r  discharges 
between 200 and 285 second-feet; 200 being t h e  normal canal  flow while 
285, at the  t i m e  of  t h e  t e s t ,  w a s  t h e  an t i c ipa ted  maximum g o w  remaining 
i n  t h e  canal  doi,nstream from the  last overflow weir. 

THE INVESTIGATION 
* 

The inves t iga t ion  was concerned pr imar i ly  with t h e  e f f i c iency  
of t h e  overflow weirs i n  removing a s u f f i c i e n t  quant i ty  of the  drainage 
water from t h e  canal.  However, t h e  inves t iga t ion  was a l s o  concerned 

. 
f 

with t h e  performance of the  i n l e t  s t r u c t u r e s  i n  admitting drainage water 
i n t o  t h e  canal. 

The Inlet St ructures  

Pre1iminaz-y i n l e t .  The prel iminary i n l e t  s t r u c t u r e s ,  Figure 
10, performed acceptably i n  discharging the  drainage flow i n t o  the  canal ,  
a s  shown i n  Figures 11 and 12. However, it was believed t h a t  t h e  



shown i n  Figures 11 and 12. A b o i l  occurred almost d i r e c t l y  above the  
v e r t i c a l  end s i l l  of t h e  i n l e t  b a s i n  near  t h e  l e f t  bank of the  cana l .  
Waves and c u r r e n t s ,  t h e r e f o r e ,  a long the  l e f t  bank were g r e a t e r  than 
a long t h e  r i g h t .  The chute blocks were s o  deeply submerged t h a t  they  
had no e f f e c t  on t h e  incoming flow. 

Second i n l e t  design.  To reduce t h e  turbulence near  t h e  l e f t  
bank, t h e  bas in  was shortened s o  t h a t  t h e  end of  t he  bas in  coincided 
wi th  t h e  c a n a l  cen te r  l i n e .  The chute b locks  were a l s o  removed from 
t h e  bas in .  The performance of t h i s  design is shown i n  Figures 11 and 
1 2  and was b e t t e r  than  t h e  pre l iminary  design.  The b o i l  occurred i n  
t h e  c e n t e r  of  t h e  cana l  and turbulence near  and along t h e  l e f t  bank was 
reduce d  . 

Recornmnded i n l e t  design. To minimize t h e  b o i l  which occurred 
nea r  the  cana l  c e n t e r  l i n e  wi th  the  second i n l e t  design,  l - f o o t  cub ica l  
b a f f l e  blocks were added t o  t h e  inlet bas in .  The b a f f l e s  were p laced  a s  
shown i n  t h e  recommended design i n  Figure 3. The performance o f  t h i s  
bas in  i s  shown t o  be very  good i n  F igures  11 and 12, The b o i l  t h a t  
previous ly  occurred w a s  reduced considerably,  p r a c t i c a l l y  e l i m i n a t i n g  
t h e  turbulence and high v e l o c i t i e s  along t h e  cana l  banks. The recommended 
i n l e t s  were used throughout the  t e s t s  on t h e  o v e r f l o ~ r  weirs .  

The Overflow Weirs 

E f f i c i ency  of a s i n g l e  weir.  The e f f i c i e n c y  o f  a s i n g l e  weir  
w a s  determined by c a l i b r a t i n g  each model weir  s e p a r a t e l y  and comparing 
t h e  c o e f f i c i e n t s  of d ischarge .  Each weir i n  t h e  model, Figure 7, was 
c a l i b r a t e d  f o r  f u l l  l eng th  and h a l f  l e n g t h  with t h e  o t h e r  weir  c losed.  
However, it was found impossible t o  ob ta in  e x a c t l y  s i m i l a r  c o e f f i c i e n t s  
f o r  t h e  two wei rs  because o f  t h e  d i f f e r e n t  l o c a t i o n s  o f  t h e  weirs  wi th  
r e s w c t  t o  t h e  o the r  f e a t u r e s  of  t h e  model. .. 

I n  c a l i b r a t i n g  t h e  wei rs ,  two water  su r face  gages l o c a t e d  
upstream and downstream from each weir  011 t h e  c e n t e r  l i n e  of  cana l ,  
shown i n  Ftgure 7, were used t o  measure t h e  head on t h e  weir.  Since 
I n l e t  No. 1 was l o c a t e d  between t h e  upstream weir and Gage No. 1, I n l e t  
No. 1 w a s  not  used when t h e  upsfream w e l r  w a s  c a l i b r a t e d ;  i n s t ead ,  t h e  
flow w a s  discharged i n t o  t h e  cana l  from t h e  head box o r  from both t h e  
hezd box and I n l e t  No. 2 l o c a t e d  downstream. When t h e  downstream we i r  
w a s  c a l i b r a t e d ,  p a r t  of  t h e  flow was passed i n t o  t h e  c a n a l  through t h e  
head bo:.: and p a r t  through t h e  i n l e t s .  

The d i f f e r e n t  drainage flow ent rance  cond i t ions  f o r  t h e  two 
wei rs  might have accounted f o r  some o f  t h e  d i f f e rence  ia t h e  r e s u l t s  of  
t h e  c a l i b r a t i o n s ;  however, it i s  be l i eved  t h a t  t h e  c h i e f  cause f o r  t h e  
d i f f e rence  was t h e  autumatic c o n t r o l  gate at t h e  doWst:ream end o f  t h e  



model. The gate may have changed flow currents  i n  the v i c in i t y  of the  
downstream weir, and it may have backed the water surface up i n  the 
canal  t o  produce erroneous water surface gage readings downstream from 
the downstream weir. For t h i s  reason it i s  believed t h a t  the cal ibra-  
t i o n  of the upstream weir is mope r e l i ab l e  f o r  general use; however, - \ both are presented here. 

The ca l ib ra t ion  data,  obtained from t e s t s  shown i n  Figures . I 

13, 14, and 15,  a r e  plotted i n  Figure 16. The eff ic iency of the weirs 
i s  indicated by the  coeff ic ient  of discharge curves shown i n  Figure 16. 
Discharge coeff ic ients  were determined from the  equation. 

Q = C L H ~ / ~  

where 

Q i s  the  t o t a l  discharge over the weir, 

B i s  the  head on the  weir  determined by averaging 
the two water depths upstream and downstream 
from the  weir and subtracting the  weir height 
above the canal  bottom, and 

L i s  the  length of the  weir c r e s t  plus one-half 
of the  length of the  submerged end slopes 
(weir length plus 10H). 

The da ta  indicate t h a t  both the  51-foot upstream weir and the  
102-foot upstream weir were more e f f i c i e n t  when the  drainage flow entered 
the canal  downstream from the  weir. Also, i f  a l l  the  downstream weir 
data  are disregarded as  suggested above, the coef f ic ien t  curves indicate  
t h a t  longer weirs a r e  l e s s  e f f i c i e n t  than shor t  ones. 

The coef f ic ien t  curves a l so  indicate  t h a t  the  51-foot weir is 
more e f f i c i e n t  f o r  small heads than f o r  large  heads. This cannot be 
explained, but i s  qui te  possible considering the unusual circumstances 
under which these weirs were cal ibra ted.  To produce the 51-foot weir 
the downstream half  of the  weir was covered. The downstream water sur-  

9 
face gage was, therefore,  51 f e e t  f a r t he r  from the  w e i r  than in  the case 
of the 102-foot weir. This m i g h t  have affected the  head measurement i n  
such a manner as t o  produce the coeff ic ient  curves shown i n  Figure 16. , 

Too, t he  coef f ic ien t  "C" is very sensi t ive  t o  smll discrepancies i n  head 
r 

measurement because the  head is  extremely small. The 51-foot weir Was 
approximately 4 f e e t  long i n  the  model whereas the head on the weir was 
only a f rac t ion  of an inch. If the head measurement i s  i n  e r r o r  by 0.01 
of an inch i n  the  model (equivalent  t o  0.01 of a foo t  i n  the prototype) 
the  coef f ic ien t  w i l l  be changed 0.1 t o  0.2 i n  value, depending upon 



whether the t o t a l  head i n  the prototype is  1 foot  o r  3 inches. 
Similar e f f ec t s  a t  scale heads would not be present i n  the  prototype, 
only at, the same absolute head. 

I 

I The data showed the depth of flaw t o  be greater  downstream 
from the weir than upstream. This i s  believed t o  be a normal condition 
f o r  ve loc i t i es  below c r i t i c a l .  The depth difference was more pronounced 

I .  a t  the  downstream weir, however, which provided fur ther  evidence t h a t  
the  control  gate a t  the  downstream end of the model might be contributing 
t o  the  higher water surface measured downstream from the damstream weir. 

The curves i n  Figure 16 are recomputed i n  Figure 17 using only 
the  head determined a t  the upstream gage. The discharge coeff ic ients  
a r e  greater  because the depth of flow upstream of the weir i s  l e s s  than 
downstream, For example, when the  average of the upstream and down- 
stream gages i s  used f o r  the 107-foot weir i n  Figure 16, a head of 0.5 
foot on the weir gives a coeff ic ient  of 2.76. When only the upstream 
gage i s  used f o r  the same weir the coeff ic ient  f o r  0.5 foot  of head i s  
3 53, Figure 17. I 

I n l e t  location a f fec t s  weir efficiency.  A weir w a s  found t o  I 
be more e f f i c i e n t  i f  the drainage flow entered the  canal downstream 
ra the r  than upstream from the weir. This was proved by the  study of 
discharge coeff ic ients  i n  the preceding section, and i s  indicated i n  I 
t h i s  section by the percentage of drainage inflow t h a t  the weir w i l l  
discharge, Figure 18, and by a specif ic  application i n  Figure 19. 

I n  computing the  percent of drainage inflow t h a t  the  weir o r  
weirs w i l l  discharge when the canal i s  discharging i t s  normal flow of 
200 second-feet, the first 20 second-feet of drainage inflow was not 
considered since it i s  needed t o  bring the  water surface elevation i n  
the  canal up t o  weir c r e s t  elevation.  The weir c r e s t s  are  4.832 f e e t  
above the canal bottom a t  which depth the canal i s  expected t o  d i s -  
charge 220 second-feet, Figure 9. The eff ic iency of & weir o r  weirs 
then; i n  t h i s  report ,  i s  a l so  expressed by the  percentage of t o t a l  
drainage flow i n  excess of 20 second-feet t h a t  a weir ( o r  weirs) w i l l  
discharge. - 

The data  shown in  F i m r e  18 indicates t h a t  when the  drainage 
flow entered the canal upstre& from a weir, the weir discharges about I 
74 percent of the inflow above 220 second-feet. When the  drainage 
inflow entered the  canal downstream from the weir, the  weir discharge 
increased approximately 10 percent t o  about 84 percent. If the weir i s  
located between two i n l e t s  so t h a t  one-half of the  excess flow enters  
at  an  i n l e t  upstream from the weir and one-half at  an i n l e t  downstream, 
the  weir then discharges about 80 percent of the excess over 220 second- 
f e e t .  



apparent  ir,  t h e  model. When drainage water e n t e r s  t h e  canal  through7an 
inl.et downstream from the  w p i r ,  t h e  inf lcw produces a backwater e f f e c t  
which reduces t h e  v e l o c i t y  of flow i n  the  nanal upstream and r a i s e s  t h e  
water sur face  e l eva t ion  so  t h a t  more water s p i l l s  over t h e  weir .  I t  i s  
reasonable t o  assume t t i t  because t h e  inflow e n t e r s  a t  r i g h t  angles  t o  
t h e  cana l  r a t h e r  than a t  an  ang le  poin t ing  downstream, %he e f f e c t  is 
a2prec iab le .  The weir would probably discherge even more water i f  the 
inflow entered  t h e  canal  i n  a n  upstream d i r e c t i o n .  The d i s t ance  between 
i n l e t  and weir would pro5ably a l s o  e f f e c t  t h e  weir discharge;  i f  t h e  
i n l e t  i s  c lose  t o  t h e  weir,  the  weir would discharge more than  i f  tke 
i n l e t  i s  f a r t h e r  downstream because the  depth of flow i n  the  canal  
would be deeper near  t h e  source of t h e  infLow. 

Since t h e  capzci ty  of a weir  is ind ica t ed  by these  t e s t s  t o  be 
g r e a t e r  when it Ls ups t rean  of t h e  i n l e t  r a t h e r  than  dc=stream a d d i t i o n a l  
t e s t  d a t a ,  shown i n  "igure 14  and p l o t t e d  i n  Figure 19, were taken t o  
determine how much t h e  capr.city of t he  153-foot long weir  a t  S t a t i o n  
360+00 (no t  included i n  t h e  model) could be increased by r e loca t ing  it 
u p s t r ~ z a  of t h e  i n l e t  a t  S ta t ion  35&95 and whether t h e  flow depth i n  
t h e  c a n a l  could tkereb? be  reduced. 

The model head box, t h e  u ~ s t r e a m  weir,  and the  two ad jacen t  
i n l e t s  e l l  shown i n  Figure 5 were used t c  supply t h i s  t e s t  d a t a .  The 
downstream nodel weLr was c losed .  The head box was used t o  supply 
t h e  normal canal  flow of 200 second-feet p l u s  t h e  design drainage f l o w  
of 52 second-feet from t h e  uipstream i n l e t  a t  S - c a t i ~ n  3 0 5 ~ 5 5 .  Model 
I n l e t  No. 1 o r  Model I n l e t  No. 2, wzs used t o  supply t h e  design 
drainage flow of 27 j second-feet from the  in l e t .  a t  S t a t i o n  358+953 depend- 
ing  upon whether t h e  weir was a t  the  prel iminary l o c a t i o n  o r  r e loca ted  
upstream of t h e  i n l e t .  The weir  was t e s t e d  a t  ha l f  l eng th  and f u l l  
l eng th  i n  order  t h a t  t he  da ta  could be used t o  extend %he curves i n  
Figure 19 t o  and beyond t h e  163-foot length  of weir .  

The discharge curves i n  Figure 19 a t  Poin ts  "A" and "B" show 
t h s t  t h e  163-foot weir wiAl discharge approximately 30 second-feet more 
water wnen t h e  wei r  i s  l oca ted  upstream sf  t h e  i n l e t  a t  S t a t i o n  358+95. 
The depth of flow curves a t  Po in t s  "C" and 'ID" i n  Figure 19 show t h a t  t h e  
water su r face  i s  aSsut  0 . k  of a f o o t  lower wher. t h e  weir  i s  r e loca ted .  
It is, the re fo re ,  reccmqended t h a t  t h e  weir a t  S t a t i o n  360+00 i n  t h e  pre-  
l iminary  design be re loca ted  upstrean: f r o n  t h e  i n l e t  a t  S t a t i o n  358+95. 

Eff ic iency  af two wei rs .  The e f f i c i e n c y  of two weirs  d i s -  
charging simultaneously wzs determined i n  t h e  model. The t:?o weirs  

- - 

reproduced i n  t h e  model, Figure 7,  were loca ted  a t  S t a t i o n s  456+10 and 
460+90, Figure 8. 

I n  determining the  e f f i c i e n c y  of t h e  two model wei rs  t h e  t h r e e  
ad jacen t  i n l e t s  vere  considered t o  be d ischarg ing  i n t o  t h e  cana l .  Two of  
t h e  t h r e e  i n l e t s  were reprcduced i n  t h e  model while t h e  upstream i n l e t  a t  



i n l e t  was-introduced i n to  the  canal through the  head box along with the  
normal canal discharge of 200 second-feet. The design discharges of 
the  two i n l e t s  reproduced i n  the model were 1 1 5  second-feet f o r  t he  
i n l e t  a t  Stat ion 455+25 and 210 second-feet f o r  the  i n l e t  a t '  S ta t ion 
458+20. 

When a l l  th ree  i n l e t s  e r e  discharging t h e i r  design capac i t i es  
i n to  the canal, Run No. 1 i n  Figure 20, the  two weirs discharge about 88 
percent of the  t o t a l  drainage inflow i n  excess of 20 second-feet, as 
shown i n  Figure 21 f o r  410 second-feet. I n  other  words, when 410 second- 
f e e t  of drainage water en te rs  the canal about 88 percent of 390 second- 
f e e t ,  o r  343 second-feet, is discharged by t he  weirs. Twelve percent o r  
67 second-feet remains i n  the  canal along with the  220 second-feet. Of 
t h i s  88 percent t he  ups t r em weir discharges about 64 percent of 343 second- 
f e e t  3r 251 second-feet while the do~mstream weir discharges 24 percent 
o r  about 92 eecond-feet, shown i n  Figure 22 a t  Points "A" and "B," 
respectively.  

For smaller drainage flows i n to  t he  canal, the  eff ic iency of 
the  overflow weirs i s  greater  thsn 88 percent, as shown in  Figure 21. 
The t o t a l  flow over both weirs and the  d iv i s ion  of flow between t h e  two 
weirs may be obtained from Figure 22. 

Efficiency of weir modifications. Nodifications were made t o  
the  weirs t o  determine t he  e f f e c t  of c r e s t  length and number of weirs 
on the t o t a l  weir discharge and on d i s t r i bu t i on  of discharge between the  
two weirs, Figure 22. The weirs were modified by shortening one o r  the  
other  of the two weirs, o r  both, t o  one-half the  preliminary length o r  by 
eliminating one of t he  w e i r s .  

Shortening the  upstream weir t o  one-half of i t s  preliminary 
length reduces i t s  discharge but increases the  discharge of the  down- 
stream weir. Thls provldes more equal d i s t r i bu t i on  of the  flow between 
the  two weirs than was obtained i n  the  preliminary design; however, the  
t o t a l  flow discharged b y  the  two is then reduced. If the  downstream 
weir is  shortened ins tead of the upstream weir, t he  downstream weir d i s -  
charge is  decreased while t h a t  of the  upstream weir i s  increased; bu t  
a@.in, the  t o t a l  discharge is  reduced. Eliminating the  half weir 
en t i r e ly  further increases the  discharge of the  one remaining f u l l  ' 

length weir, but i t s  discharge i s  l e s s  than the  t o t a l  discharge includ- 
ing the half length weir. Therefore, it can be concladed t h a t  shortening 
or  eliminating a weir w i l l  increase cmsiderab ly  the  discharge of o ther  
weirs e i t he r  upstream o r  down, but the  t o t a l  discharge of the  remainilzg 
weirs is  l e s s  than the former t o t a l  discharge. 

If both weirs a r e  reduce2 t o  one-half of t h e i r  preliminary 
length, the t o t a l  discharge by the two weirs i s  reduced. However, the  
discharge of the two half- length weirs is  more than e i t he r  one of t he  
full  length weirs can discharge operatsng alone.  Therefore, it can be 



i n  between are  b e t t e r  than one fu l l - l eng th  weir  placed e i t h e r  upstream 
o r  downstream. 

Eff ic iency of t h e  preliminary prototype system of weirs  and 
i n l e t s .  The e f f i c i e n c y  of the  complete prototype system of weirs  i n  d i s -  , 
charging the maximum ant ic ipated  drainage inflow was estimated us ing the 
model data  thus f a r  presented i n  t h i s  r epor t .  The e f f i c iency  of the  
e n t i r e  system between S ta t ions  305+25 and 460+90, Figure 8, was analyzed . I 

i n  two ways f o r  t h e  severes t  operating condit ion,  i n  which a l l  i n l e t s  a r e  
discharging t h e i r  design capac i t i e s  i n t o  t h e  canal  simultaneously. 

The f i r s t  analys is  was made a t  t h e  time of the model s tudy 
while the  second analys is  was made a f t e r  a thorough study and evaluat ion 
of a l l  the  da ta  obtained. The l a t t e r  ana lys i s  provides 8 more favorable 
estimated flow condit ion i n  the  canal than does the  f i r s t  ana lys i s .  It 
i s  believed t h a t  t h e  second analys is  provides the  t r u e s t  est imate of 
prototype condit ions.  

F i r s t  analysis .--In the  f i r s t  analys is ,  Figure 23, t h e  d i s -  
charge was estimated f o r  each individual  weir  by assuming t h a t  t h e  
upstream model w e i r ,  without the  i n l e t s  o r  weir  downstream operat ing,  
represented each individual  weir i n  t h e  prototype system. For example, 
beginning a t  t h e  upstream end of the  canal ,  t h e  f i rs t  two drainage i n l e t s  
encountered a r e  designed t o  discharge 52 and 273 second-feet of drainage 
water i n t o  the canal ,  respectively.  The t o t a l  drainage inflow upstream 
of the  f i r s t  w e i r  then i s  325 second-feet. From the  dashed-lined curve -. 
i n  Figure 18 t h e  f i rs t  weir  i s  estimated t o  discharge 220 second-feet .-. 
which would leave 305 second-feet i n  t h e  cana l  downstream from t h e  f i r s t  
weir located a t  S t a t i o n  360c00. The next two i n l e t s  encountered before 
a r r i v i n g  a t  t h e  next  weir  are designed t o  discharge 87 and 138 second- 
f e e t  of drainage flow i n t o  the  canal.  This added t o  305 second-feet 
makes 530 second-feet i n  the  canal,  330 of which can be considered a s  
drainage inflow s ince  the  normal. flow i n  t h e  canal  i s  200 second-feet. 
From F i g u ~  18 t h e  next weir a t  S ta t ion  436+25 is  estimated t o  discharge 
225 second-feet. The same procedure is  followed f o r  the  remainder of 
the  weirs  and i n l e t s  downstream. 

The est imated w e i r  discharges i n  t h i s  ana lys i s  were made without 
correc t ion f o r  t h e  va r ia t ions  i n  weir lengths  and were taken from Figure 

I 

18 which is  f o r  a weir  102 f e e t  long. Only one of the  fcur  weirs  was of 
t h i s  length  while t h e  o ther  three  lengths w e r e  163, 113, and 1.07 f e e t .  
Therefore, the  t h r e e  longer weirs w i l l  discharge more than est imated.  

f 

Also, because t h e  prototype weirs were located  on o r  near the outs ide  
curvature of t h e  canal  bends, the  prototype weirs should discharge more 
than indicated by the  model which was constructed i n  a s t r a i g h t  l i n e .  

The ana lys i s  indica tes  t h a t  about 295 second-feet of flow w i l l  
remain i n  the  c a n a l  downstream from t h e  l a s t  weir. A siphon having a 
design capacity of 100 second-feet i s  provided i n  the  canal  downstream a t  

10 
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S t a t i o n  585+00 t o  discharge the  flow from t h e  cana l  t h a t  exceeds 209 
second-feet.  Since t h e  es t imated  excess flow of  95 second-feet is  be l i eved  
t o  be h igher  than  w i l l  occur i n  t h e  prototype and i s  l e s s  t h a n  100 second- 
f e e t ,  t h e  prel iminary we i r  system is  s a t i s f a c t o r y  i n  t h a t  it w i l l  d i scharge  
a s u f f i c i e n t  quant i ty  o f  the  t o t a l  drainage flow. However, a t  some p o i n t s  
along the  cana l  between weirs and  upstream o f  t h e  f i r s t  wei r ,  t h e  q u a n t i t y  
of water  i n  the  canal  may be s u f f i c i e n t  t o  over top  the  c a n a l  banks, p a r t i c -  
ularly at t h e  canal  bends. The a n a l y s i s  i n d i c a t e s  t h a t  t h e  canal  w i l l  be 
r equ i red  t o  discharge over 500 second-feet  a t  f o u r  d i f f e r e n t  p l aces  along 
the  c a n a l .  

According t o  Figure 9, uniform flows exceeding 450 second-feet  
w i l l  overtop the  canal  banks 6.8 feet high.  However, the d a t a  i n  F igures  
14, 15, 16, and 20 i n d i c a t e  t h a t  t h e  cana l  w i l l  flow at l e s s  than  uniform 
flow depth i n  t h e  four  reaches o f  canal  i n  which more than  500 second-feet  
is f lowing because t h e s e  reaches a r e  downstream from t h e  i n l e t s  where t h e  
v e l o c i t y  i s  f a s t e r  t han  f o r  uniforn: flow. The d a t a  a l s o  ind ica t e  t h a t  t he  
deepest flow w i l l  be upstream o f  t h e  i n l e t s  b u t  w i l l  s t i l l  be l e s s  t h a n  
the uniform flow depth o f  the  maximum discharge  which occurs  downstream 
from t h e  i n l e t s .  For example, i n  Run No. 1, Tes t  No. 11, Figure 20, t h e  
canal  discharge downstream of I n l e t  No. 2 i s  360 second-feet and t h e  depth 
of f low is  5.28 f e e t  which i s  l e s s  than  t h e  uniform f low depth 6.1 feet 
f o r  360 second-feet.  However, upstream of  t h e  i n l e t  t h e  cana l  d ischarge  
is o n l y  150 second-feet ,  but t h e  depth of  flow i s  5.7 f e e t  which is more 
than t h e  uniform flow depth of 3:9 f 3 e t  f o r  150 second-feet ,  but  less than  
the uniform flow depth of 6 . 1  f e e t  f o r  360 second-feet.  Other examples 
from t h e  d a t a  i n  F igures  13, 14, 15, and 20 show the  same t r ends .  There- 
fo re ,  maximum flow depths  i n  t h e  canal  w i l l  probably occur  upstream o f  
the i n l e t s  and w i l l  be l e s s  t h a n  t h e  uniform flow depth f o r  t h e  maximum 
flow which occurs  downstream o f  t h e  i n l e t .  Since t h e  maxinm es t ima ted  
discharge upstream from any i n l e t  i s  305 second-feet  a d  530 r.t>cond-feet 
downstream frorn any i n l e t ,  Figure 23, t h e  e s t ima ted  maxiaum d ~ g t h  o f  flow 
i s  less than t h e  uniform flow depth  of 7.2 f e e t  f o r  530 second-feet ,  b u t  
more than  t h e  uniform flow depth of  5.6 f e e t  f o r  305 second-feet ,  Figure 
9. Therefore,  the  f l o w  would probably over top  t h e  6.8 f e e t  high c a n a l  
banks at  loca t ions  u p s t r e m  from an i n l e t .  

It is  be l i eved  t h a t  the c a l c u l a t e d  depth of f low i n  the  pro to-  
type w i l l  be  a f f e c t e d  but  very l i t t l e  i f  c a n a l  v e l o c i t i e s  a r e  e i t h e r  
f a s t e r  o r  slower than ind ica t ed  i n  the  model because flow cond i t ions  at 
the we i r s  w i l l  a c t  as a compensating f a c t o r .  For example, i f  t h e  f low 
i n  the prototype between weirs and inlets is f a s t e r  t han  i n  t h e  model 
the we i r  d ischarges  w i l l  be less, these  two f a c t o r s  w i l l  t end  t o  compen- 
s a t e  each o t h e r  i n  e s t a b l i s h i n g  t h e  flow depth. The sane type of  
compensation will occur i f  t h e  flow i n  t h e  prototype is slower than  i n  
the  model. 
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Figure 20 t h a t  is  i n  Figure 24. AS- i n  the  f i r s t  a n a l y s i s  t h e  
upstream weir  i n  t h e  model i s  assuaed t o  r ep resen t  each weir i n  t h e  
pro to type  system, b u t  t he  d ischarges  a r e  taken  from t h e  curve of Figure 
24 which was obtained with t h e  i n l e t  and weir  downstream discharg ing  as 
well, a s  t h e  i n l e t s  upstream from t h e  weir .  

The second a n a l y s i s  i s  shown i n  F igure  24 and was made 2.s 
. * 

fol lows.  Beginning a t  t h e  upstream end of t h e  c a m 1  t h e  f i ~ s t  two i n l e t s  
d ischarge  52 and 273 second-feet of drainage water i n t o  t h e  s a n a l ,  
r e spec t ive ly ,  upstream of t h e  f i r s t  wei r .  Two i n l e t s  downstream from t h e  
f i rs t  wei r  a r e  designed t o  d ischarge  87 and 138 second-feet o f  drainage 
water, r e spec t ive ly ,  intm t h e  cana l .  The t o t a l  drainade inf low upstrean 
and downstream of t h e  weir then is  550 secocd-feet .  From Figurn 211 t h e  
f i r s t  wei r  a t  S t a t i o n  260+00 is est imated t o  discharge 340 second-feet  
which ~ . o u l d  leave  185 second-feet  o f  f l o v  i n  t h e  canal  downstream from 
the  f i r s t  wei r .  Proceeding nov t o  t h e  second weir a t  S t a t i o n  436+25, 
the  drainage flow i n  t h e  can21 upstream of t h e  weir can be considered t o  
be tho t o t a l  drainage inflow of the  two i n l e t s  downstream from t h e  f i r s t  
weir  and upstream of  t h e  second minus 1 5  second-feet,  which i s  needed t o  
increase  the  185 second-feet  a l r e a d y  i n  t h e  cana l  t o  the-normal cana l  flow 
of  200 second-feet .  The drainage flow i n  the cana l  upstream of t h e  second 
weir then  is  210 second-feet .  The drainage inf low downstream from t h e  
second w e i r  bu t  upstream f r ~ m  t h e  t h i r d  weir  is t h e  sum cf  85 and 115  
second-feet from two drainage i n l e t s ,  r e spec t ive ly ,  o r  i s  200 second-feet .  
The sum of the  dra inage  flow i n  t h e  cana l  upstream and downstream of t h e  
jecond w e i r  then is 410 second-feet,  and from Figure 24 t h e  es t imated  
discharge of t he  weir  i s  250 second-feet .  This  same procedure i n  ~st i lnat-  
ing weir d ischarges  is followed proceeding downstream t o  t h e  l a s t  wei r .  
The d ischarge  of  t he  las t  weir  i s ' e s t i m t e d  from t h e  dashed-lined curve 
i n  Figure 18 i n  t h e  same way as i n  t h e  f i r s t  a n a l y s i s  s i n c e  no i n l e t s  o r  
weirs a r e  ope ra t ing  downstream from the  las t  weir .  .However, t h e  siphon 
q u i t e  s o r e  d i s t ance  d o ~ n ~ s t r e a m  a t  S ta t io l l  585+OC discharg inz  drainage 
flow from t h e  cana l  wculd probably reduce s l i g h t l y  t h e  es t imated  d ischarge  
of  t he  last weir .  

Even t h i s  r e f ined  a n a l y s i s  I s  an approximation f o r  t h e  fol lowing 
reasons.  The motel weir  l eng th  cannot r ep resen t  each prototype weir , 

length;  t h e  d i s t a n c e s  t o  i c l e t s  ugstream and d o ~ m s t r e m  and t o  t h e  next  
weir  downstream a r e  not  t r u l )  represented  i n  each case; t h e  p r o ~ o r t i o n  of b 

dfrcharge  by i n l e t s  upstream i n  r e l a t i o n  t o  discharge o f  t h e  i n l e t s  and r 

weir downstream is  not  t h e  same i r ~  each case  as i n  t h e  model; <he cana l  
bends a r e  n o t  considered;  and perhaps o t h e r  d iscrepancies  e x i s t .  Never- 
t i ie less ,  it i s  be l ieved  t h a t  t hese  d i sc repanc ie s  a r e  r e l a t i v e 1 1  minor ia 
a f f e c t i n g  t h e  es t imated  flow depths i n  t h e  c a n a l  and t h e  es t imated  quan t i ty  
of water each wei r  d ischarges ,  and it i s  be l ieved  t h a t  t h e  genera l  flow 
p a t t e r n  of drainage flow i n t o  and o u t  of t h e  cana l  is  we l l  represented  by 
t h i s  second a n a l y s i s .  To in9rove on t h e  secon2 a n a l y s i s  it woulc! ha7:e been 



representative weir a s  well a s  one downstream, so tha t - the  representa- 
t i v e  weir would have been bracketed by a weir upstream and downstream 
a s  well a s  by i n l e t s  both upstream and downstream. 

The second analysis  indicates t h a t  the  flow depth i n  
ce r t a in  reaches of the  canal i s  c r i t i c a l ,  but t ha t  the  t o t a l  quanti ty 
of water t ha t  the  weirs wi l ld i scharge  i s  suf f ic ien t  with respect t o  
t he  capacity of the siphon downstream. The c r i t i c a l  reaches i n  which 
the deepest flow w i l l  occur a r e  the same as found i n  the  f i r s t  analysis;  
but, i n  general, depths a r e  not estimated t o  be 8s c r i t i c a l .  The reach 
of canal having the greates t  flow depth is believed t o  be upstream of 
t h e  i n l e t  a t  Station 358+95 where 273 second-feet enters  the canal. A t  
t h i s  i n l e t  there  i s  already 252 second-feet i n  the  caael.  An addi t ional  
273 second-feet entering the canal a t  r i gh t  angles t o  the  direct ion of 
flow w i l l  c reate  a backwater e f f ec t  upstream frcan the i n l e t  t ha t  w i l l  
approach the uniform flow depth of the t o t a l  discharge downstream from the 
i n l e t ,  a s  discussed i n  the f i r s t  analysis.  The t o t a l  discharge downstream 
from the i n l e t  i s  525 second-feet, therefore, the expected maximum flow 
depth which w i l l  occur upstream from the i n l e t  would be l e s s  than the  
uniform flow depth of 7 . 1  f e e t  fop 525 second-feet, but more than the  
uniform flow depth of 5 . 1  f e e t  f o r  252 second-feet, Figure 9. Since the 
canal banks a r e  6.8 f e e t  high, the  flow might overtop them, par t icu la r ly  
a t  the  bends. 

The next most c r i t i c a l  reach of canal i s  upstream from the i n l e t  
a t  Station 413+00, Figure 25. Here the maximum depth of flow would be 
expected t o  approach the uniform flow depth of 6.5 f e e t  f o r  1110 second- 
f e e t ,  Figure 9 .  

Efficiency of recommended prototype system of weirs and i n l e t s .  
As a resu l t  of the  two analyses, it is  reasonable t o  expect t h a t  the  weirs 
a s  preliminarily designed w i l l  discharge a suf f ic ien t  quantity of t he  
t o t a l  drainage inflow, but t h a t  the flowydepth upstream of 5he inlets 
might overtop the canal banks. To redcce the possibl i ty  of flow depths 
reaching the top of the  canal banks, two overflow weirs, one a t  Station 
412+24 and one a t  Station 451+26, shown i n  Figures 1 and 4, were added t o  
the  preliminary layout. Station l ~ 2 + 2 4  was chosen f o r  one of the  weirs 
primarily t o  reduce the water surface upstream of the i n l e t s  a t  Stations 
413+00 arid 435+00. Station 451+26 was chosen f o r  the  other weir location 
primarily t o  reduce the water surface elevations upstream of the  i n l e t s  a t  
Stations 453+20 and 455+25. The exact locations of these weirs were chosen 
so as t o  discharge in to  natural  ravines on the l e f t  hand s ide of the  canal. 
No weir was added upstream of the i n l e t s  at Stations 305+55 and 35&95, 
instead the weir at Station 360+00 was relocated t o  Station 356432 upstream 
of the  i n l e t  a t  Station 358+95 a s  is  recommended and discussed on page 8. 
The l a s t  weir a t  Station 460+03 was a l so  relocated t o  Station 460+90, but  
not a s  a r e su l t  of t h i s  model study. With the two addi t ional  weire a t  



Station 356+92, and drainage inflow and outflow is analyzed, as shown in 
Figure 25, in the same manner as the eecond analysis for the preliminary 
weir arrangement, Figure 25. 

This analysis of the recammended weir arrangement indicates 
that the total discharge by the weirs is increased only 10 second-feet 
so that an estimated 245 second-feet will remain in the canal downstream 
from the last overflow weir. However, the estimated discharge remeining 
in the canal at any intermediate point does not exceed 335 second-feet 
as compared to 525 second-feet in the preliminary design; therefore, the 
flow depth upstream of the inlets will be reduced to something less than 
the uniform flow depth of 5.9 feet for 335 second-feet, Figure 3 ,  as 
discussed in the first analysis of the preliminary design. Consequently, 
maximum flow depth which occurs upstream of an inlet is not likely to 
overtop the canal banks. The installatfon of the two additional weirs, 
and the relocation of the weir formerly at Station 360+00 to Station 
356+92, is therefore recommended. 
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A. Prelimimry inlet. 
(See Figure 10) 

Chute blocks removed and 
the preliminary basin 
shortened t o  the center 
line of canal. 

C. Recommended inlet - 1-foot 
baffle piers added t o  "B" 
above. (See Figure 3) 

BOULDER C R ~ E K  SUPPLY C A N A L  
DRAINAGE-INLET AT STA . 455+25 

DISCHARGING THE DESIGN FLOW O F  115 SECOND FEET 
1:12 SCALE MODEL 



FIGURE 12 
Report HYD 407 

A. Preliminary inlet. 
(See Figure 10) 

Chute blocks removed a 
the preliminary basin 
shortened to  the center 
line of canal. 

Recommended inlet - 1-foot 
baffle piers added to "B" 
above. (See Figure 3) 

BOULDER CREEK SUPPLY CANAL 
DRAINAGE INLET AT STA. 458+80 

DISCHARGING THE DESIGN FLOW OF 210 SECOND FEET 
1:12 SCALE MODEL 



TEST NO. 13 NmE: See figures 5 and 7 for  Location Diagram 

4 5 6 7 8 9 10 11 1.2 13 14 15 16 17 18 19 20 1 21 22 
1 2 3 23 

~ o t a l  "Q"  from wpth velocity "&" from "Q1' Over Canal Depth Velocity Depth Velocity ' I Q  Depth Velocity t t ~ t l  over Depth Velocity ~ o t a  **&" 

TEST CONDITION 
Run Draimge entering Head a t  Gage a t  Gage Inlet  Canal Weir 

at Gage at Gage at  Gage at Gage Inlet  Canal I at Gage a t  Gage Weir 
a t  Gage a t  Gage over 

No. "Q" entering Cad BOX P t . N o . 1  P t . R o . 1  Bo .1  "Q" No. 1 Pt. NO. 2 P t .  NO. 2 Pt. No. 3 Pt. No. 3 No. 2 ' Pt .  No. 4 Pt. No. 4 NO. 2 Ft. No. 5 F't. No. 5 Weirs "" 

Canal 
I 
I 

f t /sec cf s cf s cfs  cfs  f t  ft/sec f t  ft/sec cf s cf s f t  ft/sec cfs  cfs f t  ft/sec . cfs , cfs cf s cfs ft. I. 

Drainage flov enters 2 475 675 350 5 -91 2.83 355 u.0 5.94 0.88 5.96 Approx . 2 l O  320 5.81 2.66 Closed 320 1 5.80 Approx 355 
I same as same as 

canal U.S. & D.S. 
of Weir NO. 1. Weir 3 440 640 3 5  2.50 

Y5 lb5 1 337 93 5-68 I 0.76 JJ5 430 5.93 a t P t . 2  210 303 5.76 2.55 303 5-76 ! a t F t . 4  337' 
5.99 

No. 1 f u l l  length. 
Weir NO.  2 closed. 1 410 610 285 5.93 2.30 U 5  400 307 93 5-62 0.77 5.85 2I.O 303 5.67 I 2-61 '307 j 5.71 

Q I 307 

400 2.78 Rone 300 142 158 5.47 1.43 loo 258 
i 

8 200 258 5.38 142 
300 5.38 

12 200 400 300 5.35 2.80 300 138 162 5.43 1.48 .I loo 262 262 U8 

Drainage flow enters 10 350 5.83 2.89 115 465 186 279 . 5.56 2.47 5.34 None Closed 279 186 
canal U.S. of Weir 

285 5.66 2.46 U:, 400 129 271 5.40 2.50 5.3$ 
I I 

No. 1. Weir No. 1 5 2 M  271 1 5.42 2 -49 271 5-43 129' 
f u l l  length. Weir 

6 400 None 400 126 274 5.42 2-52 5-39 VI 

No. 2 closed. 200 400 3-72 274 5.46 2.49 2 7 u . 4 8  1 126 
5.37 

I t  94 256 5.33 2-41 *I 256 256 5.36 1 
9 150 350 350 5.29 3.33 350 

94 

I I 300 53 247 5.19 2.40 
*I 

ll 100 300 5 .r6 2.94 247 5 3 
3% - 

I I 285 
I 

45 240 5.15 2.36 5.16 1 1  240 5.18 2.34 1 240 5.19 

247 

4 85 285 285 5 .11 2.84 . - 45 

gainage flow enters 200 400 200 . 5.36 1.86 Hone 200 145 55 1 5.47 0.50 5.47 200 255 5.33 I 1.87 Closed 255 5.33 
canal  D.S. from Weir 7 

I 
I 

145 

No. 1. .Weir No. 1 
f u l l  length. Weir 13 * 100 300 200 5.17 1-96 I I 200 65 135 5-25 1.30 100 / 235 ,,A V 65 
No. 2 closed. 

BOULDER CREEK SUPPLY CANAL 
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TEST NO. 17 

o caoal . . . .  ! Inlet Weir at Gage at Gage -Q . . . .  Q, 
No. I I No. 1 Pt. No. 2 Pt. No. ,3 

"q" from I . . . . .  ! Depth I "q" o v e r i , . . . , }  Depth i To~al "Q" 
Inlet ..... { at Gage Weir I ~,~ ~ at Gage , over 
No. 2 I Q I Pt. No. 4 No. 2 ~ Pt. No. 5i Weirs 

Wo,rNo. 1 1 325 525 2OO 2 ; -  315 ' Clo,o  315 6 . " 4 -  6.40 210 1 5 2 5 i  5.86 197 328 6.O0 
Weir No. 2 half length i ' [ I 
(crest 53.5 feet). 6 ! 300 500 285 400 6.25 6.17 iOO 500 i 5.81 

i 

3 295 ~95 ~85 

5 i 265 465 350 

6.~7 ll5 400 [ 178 322 5.9 a 178 

6.29 None 285 285 1 6.32 6.31 210 ~95 i 5.78 172 323 5.93 172 
[ 

F 

6.31 115 465 , 

2 210 410 200 5.96 None 200 [ 

4 200 hOD 285 6.07 l l 5  400 

9 150 350 350 5 58 None 350 I 

8 ~ 5  315 200 . 5.7o l l 5  315 
i i 

r 7 I 85 , 285 285 5.28 I None 285 i 285 ] 5.26 5.18 ~ None 285 5.23 32 253 ! 5.28 32 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  L _ _ _ _ L  . . . . . . . . .  L . . . . . . . . . . . . . .  - -  . . . . . . . .  J _  . . . . .  I _ _ _ . i .  ................................................................................................................................................................. 

5 

6 

4 

3 

9 

io 

12 

8 

7 

Weir No. i Half Length 
(crest 51 feet) 
Wei-- No. 2 closed. 

7 
475 675 350 6.31 

i 

410 610 I 285 6.20 

330 530 390 6.18 

330 530 390 5.83 

265 465 350 5.96 

230 ~30 315 5.84 

200 400 400 5.6]. 

200 400 200 5.52 

200 40O 2OO 5.90 

15o 350 350 5.38 

85 285 285 5.17 

35 285 200 5.21 

13 85 285 2OO 5.~i 

465 

20o 

4o0 

350 

315 

l 

5.96 

6.02 

5.73 

5.53 

5.42 

5.80 

6.03 

5.60 

5.42 

5.33 

None h65 5.71 
[ 

210 ~i0 i 5.63 
1 
i 

None 400 ! 5.57 

None 350 i 5-43 

None 315 5.35 

i48 

I15 

1o6 

73 

53 

317 5.83 l&8 

295 5.71 115 

294 5.67 io6 

277 : 5.52 73 

262 I 5.dO 53 

TEST No. 18 

I15 465 I 330 135 6.27 6.30 i 210 3&5 6.15 Closed 1345 ! 6.14 330 

i15 400 i 

140 530 

None 390 

115 465 

ll5 1430 

None !4oo 

None 200 

200 400 

None 350 

None 285 

None 200 

85 285 

285 ZZ5 

214 316 

9_18 ! 172 

163 302 

132 2 ~  i 

108 292 

122 78 

!14 286 

78 272 

36 247 

46 152 

44 241 

6.12 6.16 210 

5.90 5.86 None 

5.93 6.01 140 

5.75 5.69 None 

5.61 5.57 None 

5.56 5.52 None 

5.62 5.67 200 

5.58 5.51 None 

5.42 5.37 None 

5.19 5.16 None 

5.26 5.28 85 

5.21 5.14 None 

325 i 6.02 

316 ! 5.97 

312 ~ 5.88 

302 ~ 5.77 

296 5.66 

292 5.60 

278 5.~9 

286 5.5b 

272 5 .a~ 

2i~7 5 .~3 

237 5 .id 

241 5.22 

325 

316 

3!2 

3O2 

298 

292 

27~J 

2~6 

272 

2&7 

;237 

~' 241 

i 

6.oo 285 

5.95 214 

5.87 218 

5.79 163 

5.66 132 

5.62 lo8 

5.47 122 

5.~7 lib 

5.~6 io~ 

5.24 38 

5.21 a~ 

5,24 ~ 
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REPORT HYD 407 
1 

85 90 95 100 

PERCENTAGE OF DRAINAGE INFLOW IN EXCESS OF 
20 SECOND FEET DISCHARGED BY WEIRS I AND 2 

This curve was derived from data Test 1 1  in F igure 20. 

Total discharge entering canal  is the  sum o f  t h e  normal 
flow o f  200 second f e e t  plus the  drainage inflow. 

B O U L D E R  CREEK S U P P L Y  C A N A L  

P E R C E N T  OF D R A I N A G E  FLOW D I S C H A R G E D  BY THE WEIRS 
1 : 12 S C A L E  MODEL 



1 ., 
1 Percent o f  t o t a l  drainage inf low i n  dxcess o f  
b 20 second f e e i  d ~ s c h a r g e c !  by t h e  w e i r s .  

6 0 U  L D E R  C f f E E X  SCJPPLY G A F I A L  

O V E R F L O W  W E I R  C A P A C ! T I E S  F O R  V A R I O U S  W E i R  cEi*!G'i 6 %  
537 1 : 12 S C A L L :  W O D C L  - _ _ _ _ . - - -  ---- .--..-.- <--- .-- _I_ --- -7- 



Report No. ~yd-407 

Weir 
lenkth 

Structure Station f t  - 
Canal 

I n l e t  305+55 

Drainage 
discharge 
enter ing 

cana l  
c f s  

52  

Discharge 
over 
weir 
cf s* 

Discharge 
i n  canal 

c f s  

200 

I n l e t  35&95 273 
525 

Weir 360.~00 163 220 
305 

I n l e t  413+00 87 

I n l e t  43 5+00 138 
530 

Weir 436+25 113 225 
305 

I n l e t  450+20 85 

I n l e t  45 5+25 115 
505 

Weir 456+10 102 210 
295 

I n l e t  45&& 210 
505 

Weir 460+03 i07 210 
295 

*Weir discharges a re  estimated from Figure 18 which is  f o r  a 
weir 102 f eo t  i~ng. Enter Figure 15 w i t h  total drainage flow entering 
tine canal upstream of each weir. 

3ouldsr Creek Supply Canal 
FIRST DRAIT?P.GE FLmJ AXALYSSS 
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Structure Station 

C~na: 

Drainage 
discharge 

Weir entering 
length canal 

f t  c f s  

Report No, ~yd-407 

Discharge 
over Discharge 
weir i n  canal 
cf s* cf 6 

200 

I n l e t  305+55 52 

I n l e t  358+95 273 
525 

Weir 360+OC 163 340 
185 

I n l e t  4134-00 87 

I n l e t  435+00 138 
410 

Weir 436+25 113 250 
160 

Ixile t 450+20 85 

I n l e t  455+25 115 
360 

Weir 456+10 102 225 
135 

I ~ l e t  458-t-80 210 
345 

Weir 460+03 107 *gO 
255 

*Weir discherges a r e  estimated from Figure 24 which is f o r  a 
w e i r  102 f e e t  long. Enter Figure 24 with to t& drainage flow entering 
the  canal upstream and downstream of each weir. 

WEstFmated from Figure 1.8 which is fo r  a weir i02 f e e t  long. 
Enter Figure 18 with t o t a l  drainage flow entering the  c a u l  upstream of 
each weir. 

Boulder Creek Supply Canal 
SECOIJD DRAINAGE FLOW ANALYSIS 

1:12 SCALE MODEL 



Figure 26 
R e ~ 0 r t  No. ~yd-407 


